Paenibacillus oenotherae sp. nov. and Paenibacillus hemerocallicola sp. nov., isolated from the roots of herbaceous plants 
The chemotaxonomic properties of both isolates were typical of members of the genus Paenibacillus. However, our biochemical and phylogenetic analyses distinguished each isolate from related species. Based on our polyphasic taxonomic analysis, strains T and DLE-12 The genus Paenibacillus was proposed by Ash et al. (1993) based on 16S rRNA gene sequence analysis. The genus initially contained 11 species, with Paenibacillus polymyxa as the type species; it now encompasses over 150 species with validly published names (as of January 2015; http:// www.bacterio.net/paenibacillus.html). Members of the genus Paenibacillus exhibit shared characteristics such as production of rod-shaped cells, endospore formation, flagella-driven motility and aerobic or facultatively anaerobic growth. The diamino acid in the peptidoglycan is mesodiaminopimelic acid, and the major cellular fatty acid is anteiso-C 15 : 0 (Ash et al., 1993; Shida et al., 1997) . Novel species of the genus have been isolated recently from various sources, including compost (Ueda et al., 2013) , food (Shimoyama et al., 2014) , lake water (Wu et al., 2013) , root nodules (Carro et al., 2013 (Carro et al., , 2014 , plants (Kong et al., 2013; Tonouchi et al., 2014) , the rhizosphere (Son et al., 2014; Zhang et al., 2013) , rock (Guo et al., 2014) , sediment (Lee et al., 2013) and soil (Dsouza et al., 2014; Li et al., 2014a, b; Xiang et al., 2014; Yao et al., 2014) .
Members of the genus Paenibacillus are known as common inhabitants of plants, and may exhibit plant-growthpromoting potential (Faria et al., 2013; Park et al., 2005; Shin et al., 2007) . In this study, two novel bacterial strains were isolated from surface-sterilized roots of Oenothera biennis (evening primrose) and Hemerocallis fulva (day lily), and characterized using a polyphasic approach. Two novel species of Paenibacillus are proposed accordingly.
Strain DT7-4 T was isolated from a surface-sterilized root of evening primrose. The root was sterilized following previously described procedures (Han, 2014) . Briefly, the root was washed with tap water, sterilized by gentle shaking in 70 % ethanol for 1 min and then soaked in 3 % sodium hypochlorite solution for 3 min. The residual hypochlorous acid on the rhizoplane was neutralized by treating with 2.5 % sodium thiosulfate for 5 min. Finally, the treated root was washed with sterile distilled water until the wash water became clear. For isolation, 1 g ground surfacesterilized root was resuspended in 9 ml Winogradsky's solution (per litre distilled water: 0.4 g K 2 HPO 4 , 0.13 g MgSO 4 .7H 2 O, 0.13 g NaCl, 1.52 mg MnSO 4 .H 2 O and 0.5 g NH 4 NO 3 ) and incubated in a shaker at 30 8C for 2 h. The suspension was serially diluted in Winogradsky's solution and spread on TSA (BD) plates. After incubation at 30 8C for 7 days, colonies were picked and subcultured using the same medium. Strain T was isolated from the surface-sterilized root of a day lily. The isolation procedure for strain T was identical to that for DT7-4 T except that R2A agar (BD) plates were used for isolation. According to the results of growth tests, DT7-4 T and DLE-12 T were maintained on 56 R2A (fivefold-enriched R2A) agar plates at 30 and 37 8C, respectively.
Genomic DNA was extracted using a commercially available genomic DNA extraction kit (Solgent). PCR amplification of the 16S rRNA gene was carried out using the universal bacterial primers 27F (59-AGAGTTTGATCMTGGCTCAG-39) and 1492R (59-TACGGYTACCTTGTTACGACTT-39). PCR products were sequenced using the services of Solgent. The 16S rRNA gene sequences of the novel strains were aligned with those of the type strains of related species belonging to Paenibacillus using PHYDIT version 3.2. Evolutionary distances were calculated using the Jukes and Cantor model, and the phylogenetic tree was inferred with the neighbour-joining method using MEGA 6.0 (Tamura et al., 2013) . Trees were also inferred by the maximumlikelihood and maximum-parsimony methods using MEGA 6.0. The topology of the resultant trees was evaluated using bootstrap analyses from 1000 resampled datasets. EzTaxon-e was used for the calculation of 16S rRNA gene sequence similarity (Kim et al., 2012 (Fig. 1 ). These relationships were also supported by high bootstrap values in the other trees. The 16S rRNA gene sequence similarity between the two isolates was 93.6 %.
The Gram-staining property was determined using a Gram-staining kit (YD Diagnostics). Motility was observed under a light microscope, and endospore formation was also observed microscopically by staining with malachite green (Schaeffer & Fulton, 1933) . Cell morphology was observed under a transmission electron microscope. Colony appearance was examined after incubation for 7 days under optimal growth conditions. Growth on different media and at different temperatures, pH and NaCl concentrations was determined on agar plates after incubation for 7 days. Growth was tested on R2A, 56 R2A, tryptic soy agar (TSA) and nutrient agar (NA) plates. Growth was then tested on R2A agar at 4, 10, 15, 20, 25, 30, 37, 40, 42 and 47 8C, at pH 4-10 (at intervals of 1 pH unit) and in the presence of 0, 0.5, 1, 1.5, 2, 3, 5 and 7 % (w/v) NaCl. Sodium acetate (pH 4-5), potassium phosphate (pH 6-8) or sodium bicarbonate (pH 9-10) buffers were used for adjustment of the pH. Growth under anaerobic conditions was determined after incubation in a GENbag anaer kit (bioMérieux) for 14 days on 56 R2A agar at the optimal temperature. Catalase and oxidase activities and hydrolysis of casein, starch and DNA were determined following the methods of Han et al. (2003) . The API 20NE, API ZYM and API 50CH kits (bioMérieux) were also used to test enzyme activities and acid production from various substrates. Susceptibility to antibiotics was determined on R2A plates after incubation for 24 h using discs containing the following antibiotics (KisanBio) (mg per disc unless otherwise stated): penicillin G (10 IU), streptomycin (10), gentamicin (10), tetracycline (30), vancomycin (30), ampicillin (10), chloramphenicol (30), erythromycin (15), kanamycin (30) and rifampicin (30). Cellulase activity, phosphate solubilization and siderophore production were tested to assess the plant-growth-promoting potential of the isolates. Cellulase activity was examined using CMC agar (l : 10 g glucose, 5 g Ca 3 (PO 4 ) 2 , 5 g MgCl 2 .6H 2 O, 0.25 g MgSO 4 .7H 2 O, 0.2 g KCl, 0.1 g (NH 4 ) 2 SO 4 , 15 g agar] was used to examine phosphate solubilization. Siderophore production was tested using chrome azurol S (CAS) agar according to Schwyn & Neilands (1987) . After incubation for 7 days at the optimal temperature, formation of clear zones or colour changes were observed.
Cells of strains DT7-4
T and DLE-12 T were Gram-stainpositive, motile, obligately aerobic and rod-shaped. Both strains formed oval spores that were positioned centrally in swollen sporangia. Both strains grew on R2A agar, 56 R2A agar and TSA, and strain DLE-12 T grew on NA, but strain DT7-4 T did not. Strain DT7-4 T grew best on 56 R2A agar at 30 8C, and strain DLE-12 T grew best on the same medium at 37 8C. Colonies of strain DT7-4 T grown on 56 R2A agar plates were pale grey, opaque, round and raised, and those of strain DLE-12 T were white, round and convex. Catalase and oxidase activities were detected for both strains. The phenotypic characteristics that differentiate strains DT7-4
T and DLE-12 T from the type strains of related species of Paenibacillus are listed in Table 1 . Notably, strain T differed from all other related type strains in that L-arabinose was utilized, but esterase lipase and b-galactosidase activities were absent, whereas strain DLE-12 T exhibited weakly positive reactions for acid production from a number of substrates. As for Two novel species of Paenibacillus their plant-growth-promoting potential, both isolates were negative for siderophore production, phosphate solubilization and cellulase activity. Strain DT7-4
T was susceptible to all 10 tested antibiotics, and strain DLE-12
T was susceptible to chloramphenicol, erythromycin, gentamicin, penicillin G, rifampicin, tetracycline and vancomycin, but not to ampicillin, kanamycin or streptomycin. Additional physiological and biochemical characteristics of strains DT7-4
T and DLE-12 T are provided in the species descriptions.
For fatty acid analysis, cell mass was harvested from 56 R2A plates after incubation for 3 days at 30 8C (strain DT7-4
T and most of the reference strains) or 37 8C (strain DLE-12 T and P. ginsengarvi KACC 13906 T ). Fatty acids were extracted, methylated and analysed using the standard protocol of the Microbial Identification System (MIDI) as described by Sasser (1990) . Respiratory quinones of strains DT7-4
T and DLE-12 T were extracted with chloroform/methanol, purified using Sep-Pak Vac silica cartridges and analysed by TLC as described by Collins et al. (1980) . Related strains of which the quinone profiles are known were used as references. The diamino acid isomer in the cell-wall peptidoglycan was determined by using the TLC method as described by Komagata & Suzuki (1988) . Polar lipids were extracted from 200 mg freeze-dried culture as described by Minnikin et al. (1984) . Extracts were then separated using TLC with silica gel 60 F 254 plates (Merck). The first direction was developed in chloroform/methanol/water (65 : 25 : 3.8, by vol.) and the second in chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 1.8, by vol.). Individual polar lipids were identified by using the following spray reagents: molybdophosphoric acid for total lipids, molybdenum blue spray reagent for phospholipids, ninhydrin for aminolipids, periodate-Schiff reagent for lipids containing aglycols and a-naphthol reagent for lipids containing sugars. The DNA G+C content was determined by the T m method of Gonzalez & Saiz-Jimenez (2002) .
The fatty acid profiles of the two strains and reference strains are listed in Table 2 . The main fatty acids (.10 %) of strain DT7-4 T were anteiso-C 15 : 0 (45.4 %), C 16 : 0 (25.1 %) and iso-C 16 : 0 (11.0 %), and those of strain DLE-12 T were anteiso-C 15 : 0 (43.9 %), iso-C 16 : 0 (23.3 %) and iso-C 15 : 0 (10.1 %). The presence of anteiso-C 15 : 0 as a major component was consistent with the characteristics of the genus (Table 2 ; Priest, 2009 ). However, strain DT7-4 T was unique in that C 14 : 0 and C 18 : 1 v9c were present, and also that the proportion of C 16 : 0 was greater but that of iso-C 15 : 0 was lower than for strains of related species. In contrast, the fatty acid profile of strain T was fairly similar to those of related strains.
The predominant respiratory quinone of strains DT7-4 T and DLE-12 T was MK-7. MK-7 is also the major menaquinone in other species of the genus Paenibacillus, including those closely related to strains DT7-4 T (Rivas et al. 2005; Moon et al. 2011; Wu et al., 2013) and T (Takeda et al., 2005; Yoon et al., 2007) . The diagnostic diamino acid in the cell-wall peptidoglycan of both strains was meso-diaminopimelic acid. The main polar lipids of strain DT7-4 T were diphosphatidylglycerol (DPG), phosphatidylethanolamine (PE), phosphatidylglycerol (PG), four unidentified aminophospholipids and three unidentified lipids, and those of strain DLE-12 T were DPG, PE, PG, three unidentified aminophospholipids, an unidentified aminolipid, an unidentified phospholipid and two unidentified lipids (Fig. S1 , available in the online Supplementary Material). These profiles are consistent with those of P. polymyxa, P. sacheonensis and P. taihuensis, which also possess DPG, PG and PE as the main polar lipids (Kämpfer et al., 2006; Moon et al., 2011; Wu et al., 2013) . The DNA G+C contents of strains DT7-4
T and DLE-12 T were within the range reported for paenibacilli, but were distinct from those of related type strains (Table 1) . As a whole, the chemotaxonomic properties of the two isolates were in line with those of the genus Paenibacillus (Priest, 2009 ).
Based on the results of our polyphasic taxonomic analysis, the novel species Paenibacillus oenotherae sp. nov. and Paenibacillus hemerocallicola sp. nov. are proposed to accommodate these two novel plant-associated members of the genus Paenibacillus.
Description of Paenibacillus oenotherae sp. nov
Paenibacillus oenotherae (oe.no9the.rae. N.L. gen. n. oenotherae of Oenothera, a plant genus, referring to the source of isolation of the type strain).
Cells are Gram-stain-positive, motile, rod-shaped and approximately 2.3-3.0 mm long and 0.7-1.0 mm wide after incubation at 30 uC on 5| R2A agar for 3 days. Positive for catalase and oxidase. Oval spores are formed in swollen sporangia. Growth occurs only under aerobic conditions. Colonies are pale grey, opaque, round and raised. Grows at 15-37 uC (optimum 30 uC) and at pH 6-7. Grows in the presence of 0-2% (w/v) NaCl (optimum 0-0.5%). Starch is hydrolysed. No growth occurs on DNase test agar or on for the data for P. taihuensis THMBG22 T , which was tested under the same conditions by Wu et al. (2013) . Data for isolation source, growth temperature and pH and DNA G+C contents of the reference strains were taken from previous studies (Moon et al., 2011; Rivas et al., 2005; Takeda et al., 2005; Wu et al., 2013; Yoon et al., 2007; Zhang et al., 2013 R2A agar containing casein. Nitrate is reduced. D-Glucose, Larabinose and maltose can be utilized as sole carbon sources, whereas D-mannose, D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are not assimilated. Acids are produced from L-arabinose, D-xylose, D-galactose, D-glucose, methyl a-D-glucopyranoside, amygdalin, arbutin, aesculin ferric citrate, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, melezitose, raffinose, starch, glycogen, gentiobiose and turanose. Acids are produced weakly from methyl a-D-mannopyranoside, N-acetylglucosamine and xylitol. Tests for esterase, naphthol-AS-BI-phosphohydrolase and a-galactosidase are positive. Tests for alkaline phosphatase, esterase lipase, lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, b-galactosidase, bglucuronidase, a-glucosidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase are negative. The main cellular fatty acids (w10%) are anteiso-C 15 : 0 , C 16 : 0 and iso-C 16 : 0 . The major menaquinone is MK-7. The peptidoglycan contains meso-diaminopimelic acid as the diagnostic diamino acid. The main polar lipids are DPG, PE, PG, four unidentified aminophospholipids and three unidentified lipids.
The type strain, DT7-4 T (5KCTC 33186 T 5JCM 19573 T ), was isolated from a surface-sterilized root of Oenothera biennis. The genomic DNA G+C content of the type strain is 50.1 mol%.
Description of Paenibacillus hemerocallicola sp. nov
Paenibacillus hemerocallicola (he9me.ro.cal.li9col.a. N.L. n. hemerocallicola inhabiting Hemerocallis, a plant genus, referring to the source of isolation of the type strain).
Cells are Gram-stain-positive, motile, rod-shaped and approximately 2.0-2.6 mm long and 0.6-1.3 mm wide after incubation at 30 uC on 5| R2A agar for 3 days. Positive for catalase and oxidase. Oval spores are formed in swollen sporangia. Growth occurs only under aerobic conditions. Colonies are white, round and convex. Grows at 15-40 uC (optimum 37 uC) and at pH 7-8. Grows in the presence of 0-3% (w/v) NaCl (optimum growth in the absence of added NaCl). Casein and starch are not hydrolysed. No growth occurs on DNase test agar. Nitrate is not reduced. Maltose can be utilized as a sole carbon source. D-Glucose, Larabinose D-mannose, D-mannitol, N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are not assimilated. Acid is produced from aesculin ferric citrate. Acids are produced weakly from glycerol, D-ribose, methyl a-Dxylopyranoside, salicin, lactose, inulin, melezitose, raffinose, gentiobiose, D-lyxose, D-tagatose and D-and L-fucose. Tests for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, trypsin, acid phosphatase, naphthol-AS-BIphosphohydrolase, b-galactosidase and a-glucosidase are positive. Tests for lipase, valine arylamidase, cystine arylamidase, a-chymotrypsin, a-galactosidase, b-glucuronidase, bglucosidase, N-acetyl-b-glucosaminidase, a-mannosidase 
